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REMARKS 

Claims 8 and 10-15 are pending. 

Claim Rejection under 35 U.S.C §103 

Claims 8, 10-12, and 15 were rejected as obvious over Phillips (Plant Molecular 
Biology, vol. 24, pp. 603-615, 1994) in view of Wigler (U.S. Patent 5,436,142) and 
Frazer et al (Journal of Immunological methods, vol. 207, P 1-12, 1997) and further in 
view of Pinyopusarerk (ACIAR Proceedings, No. 16, pp. 147-148, 1987) was 
maintained. Claim 13 was rejected as obvious over Phillips in view of Wigler and Frazer 
et al and further in view of Pinyopusarerk as applied to claims 8, 10-12 and 15 above, 
and further in view of Nainan (J. Virol. Methods, vol. 61, pp. 127-134, 1996). Applicants 
respectfully traverse the rejections. 

Phillips d isclosed a method of cloning two gibberellin-regulated ( GA-regulated) 
cDNAs from a plant, Arabidopsis thaliana (see title). Phillips' method includes a method 
of constructing enriched cDNA libraries by subtractive hybridization (see the legend of 
Fig. 1, p. 605). The aim of the study of Phillips was to test the hypothesis that 
gibberllins induces stem elongation and flower development in Arabidopsis tlialiana by 
changing gene expression (see the first 3 sentences of the Abstract of Phillips). 

In the subtractive hybridization method used by Phillips, Phillips took mRNA from 
a plant, Arabidopsis tlialiana, treated with GA and made single stranded cDNA from the 
mRNA, wherein the single stranded cDNA had dG added at the 3' end (see the first 3 
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steps in Fig. 1). The single stranded cDNA of the GA-treated plant was subjected to 
subtractive hybridization with biotinylated mRNA (called the driver mRNA) from control 
Arabidopsis thaliana (not treated with GA) (see the 4th-6th steps in Fig. 1). The single 
stranded cDNA of the GA-treated plant that hybridized with the biotinylated mRNA of 
the control plant were removed by streptavidin (see the 5th step in Fig. 1, the first full 
paragraph on the right column in p. 606). The cDNA that remained after the 
substractive hybridization contained DNA sequences that were regulated by GA (see 
the heading of the first paragraph under Results, p. 608). The cDNA that remained after 
the substractive hybridization were used as templates to make double stranded cDNA 
followed by PGR amplification to form enriched cDNA libraries (see the last 2 steps in 
Fig. 1). 

There are at least 6 differences between Phillips and the method of claim 8 
described below. Applicants submit that the secondary and tertiary prior art references 
relied upon in the Office Action failed to rectify all of the differences between Phillips 
and claim 8 as discussed below. 

First Difference: 

Regarding step b) of claim 8, Phillips did not obtain genomic DNAs from two 
plant individuals. Instead, the first 3 steps in Fig. 1 of Phillips obtained only cDNA from 
one plant individual (the GA-treated plant). 

Second Difference: 
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Regarding step c) of clainn 8, the Office Action asserted that Phillips taught steps 
a-c of claim 8. Applicants respectfully disagree. Actually, Phillips did not subtract the 
genomic DNA of one plant individual from the genomic DNA of the other plant 
individual. Instead, the first 6 steps in Fig. 1 of Phillips can be interpreted to be 
equivalent to the subtraction of the cDNAs from two plant individuals (equivalent to the 
cDNA of GA-treated plant subtracted from the cDNA of the control plant). 

The Office Action relied on W igler in an attempt to cure the first and second 
differences (related to subtraction of genome DNA versus subtraction of cDNA) 
discussed above. But the attempt failed as explained below. 

Column 2, lines 28-34, of Wigler disclosed that representational difference 
analysis, RDA, can be performed with genome DNAs as the DNA sources. Wigler also 
disclosed that the comparison in RDA can determine whether two related sources of 
DNA share a particular coding sequence (column 2, lines 58-63), but Wigler was silent 
on whether to use genome DNA or c DNA in the RDA to determine whether the two 
related sources of DNA share a particular coding sequence. Simply because Wigler 
taught that RDA can be performed using genome DNAs as the DNA sources, the Office 
Action regarded the first and second differences to be obvious. Applicants respectfully 
disagree. 

Applicants contend that it would not have been obvious to modify the method of 
Phillips by using genome DNA, instead of cDNA, in the inter-individual DNA subtraction 
because the aim of Phillips was to study whether gebberellins induces phenotypic 
changes in the Arabidopsis plant by changing gene expression. In determining 
whether gebberellins changes the expression of genes, Phillips would not have been 
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interested in knowing whether there were any differences between the genome of the 
Arabidopsis plant treated with gebberellins and the genome of the Arabidopsis plant 
treated with water. In order to determine whether gebberellins caused any change in 
gene expression in Arabidopsis plants by following the teaching of Phillips, a person of 
ordinary skill in the art naturally would use cDNA in the subtraction and the person 
would have no motivation to compare genome DNAs, in place of cDNAs, from the 
Arabidopsis plant treated with gebberellins and the Arabiposis plant treated with water. 
In other words, there would not have been any motivation to use the teaching of Wigler 
on using genome DNA in RDA to modify the method of Phillips. So the first and second 
differences of Phillips were not cured by Wigler. Since Frazer, Pinyopusarerk and 
Nainandid not teach subtraction of genome DNA from two individual plants, Frazer, 
Pinyopusarerk and Nainan also failed to cure the first and second differences of Phillips. 

Third Difference: 

Regarding step d), after the subtraction (via subtractive hybridization) conducted 
in the first 6 steps in Fig. 1 , Phillips did not provide labeled cDNA probes derived from 
all mRNA obtained from the two plant individuals. The Office Action erroneously 
asserted that it would have been obvious to provide labeled cDNA probes from all 
mRNAs of the two plant individuals because Phillips provided single stranded cDNA 
from either the GA-treated plant or the control plant and because it would have saved 
time to provide the labeled cDNA probes from all mRNAs of the GA-treated plant and 
control plant (see page 4, lines 6-10, Office Action). 
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However, when Phillips talked about providing single stranded cDNA from either 
the GA-treated plant or the control plant (page 605, left column, the first 4 lines of the 
first full paragraph), Phillips was referring to the generation of the single stranded cDNA 
in the first 3 steps in Fig. 1, i.e. Phillips provided the single stranded cDNA from GA- 
treated plants to be used in the subtractive hybridization procedure between the two 
plant individuals. But step d) of claim 8 is not concerned with the subtractive 
hybridization between the two plant individuals (instead the method of claim 8 uses step 

c) to do DNA subtraction between two plant individuals). Thus, the Office Action's 
reasoning was applied to the wrong step of the method of claim 8 (i.e. the Office Action 
erroneously tried to cure a deficiency of Phillips related to step d) of claim 8 by relying 
on a teaching of Phillips that did not apply to step d)). Applicants respectfully contend 
that the obviousness rejection should be withdrawn because the Office Action failed to 
reasonably explain how the cited prior art could cure the third difference related to step 

d) . 



Fourth Difference: 

Regarding step e). Phillips did not fractionate any DNA fragments obtained by 
inter-individual genome DNA subtraction and screen these DNA fragments with labeled 
cDNA probe derived from all mRNAs obtained from the two plant individuals. The 
Office Action erroneously asserted that Phillips taught step e) (see page 4, lines 12-13, 
Office Action). Applicants respectfully disagree. 

Actually, Phillips did not fractionate any DNA fragments obtained by genome 
DNA subtraction. Instead, Phillips fractionated a small aliquot of the DNA fragments 
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obtained by cDNA subtraction using agarose gel electrophoresis in order to estimate the 
yield and size (see page 607, left column, lines 8-10), not in order to be screened with 
labeled cDNA probes derived from all mRNAs from the two plant individuals. The fourth 
difference is another reason why the obviousness rejection should be withdrawn. 

Furthermore, Phillips did not teach screening DNA fragments obtained from inter- 
individual DNA subtraction with single stranded cDNA probes derived from all mRNAs 
obtained from the two plant individuals being compared. The Office Action erroneously 
asserted that Phillips taught step e) on the assertion that Phillips taught differential 
hybridization with labeled single stranded cDNA probes derived from mRNA from GA- 
treated and control plants (see the 3rd-6th lines from the bottom of page 4, Office 
Action). This assertion of the Office Action was incorrect because the differential 
hybridization done by Phillips was not applied to fractionated DNA fragments obtained 
from inter-individual genome DNA subtraction as required in step e) of claim 8. Instead, 
Phillips applied the differential hybridization to denatured DNA obtained by lysis of cells 
transfected with clones containing GA-regulated DNA sequences (see p. 607, left 
column, the last paragraph, especially lines 1-3 and 11-14; there was no differential 
hybridization of fractionated DNA fragments obtained from inter-individual DNA 
subtraction). This assertion of the Office Action was also wrong because Phillips in 
page 607, left column, did not use labeled cDNA derived from GA-treated and control 
plants in the differential hybridization. Instead, the differential hybridization was done 
by Phillips using labeled cDNA derived from GA-treated or control plants (see page 
607, left column, last full paragraph, the 10th line from the bottom). 
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None of the other cited references, i.e. Wigler (which taught representational 
difference analysis. RDA). Frazer (which reviewed RDA), Pinyopusarerk (which 
described a program to improve the qualities of an Acacia tree) and Nainan (which 
disclosed nested PGR) taught step e) of claim 8, i.e. fractionating DNA fragments 
obtained by genome DNA subtraction and screening the DNA fragments with labeled 
cDNA probes derived from all mRNA of the two individuals being compared. Thus, the 
cited secondary and tertiary prior art references did not cure the fourth difference (i.e. 
related to step e) of claim 8) concerning Phillips. 

For instance, even though Wigler taught that RDA may be used to compare two 
related sources of DNA to determine whether the two related sources of DNA share a 
particular sequence in the coding regions of the DNAs (column 2, lines 58-63), Wigler 
did not teach screening fractionated DNA fragments obtained from inter-individual 
genome DNA subtraction with single-stranded labeled cDNA probes derived from a II 
mRNAs obtained from the two individuals under comparison. Wigler was silent on 
how to determine whether the particular coding sequence was shared by the two related 
sources of DNA. A DNA coding sequence shared by the two related sources of DNA 
will not be among the DNA fragments resulting from the inter-individual genome DNA 
subtraction. Even if a person of ordinary skill in the art were to use the method of 
Wigler to determine whether a particular coding sequence of interest is shared by two 
related sources of DNA, the person may screen the DNA fragments resulting from the 
inter-individual genome DNA subtraction, the person would have used a labeled cDNA 
probe derived from the mRNA for the particular coding sequence of interest obtained 
from one of the two individuals under comparison. But the person would not have 
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used labeled single stranded cDNA probes derived from all mRNAs obtained from the 
two individual under comparison as required by step e) of claim 8. 

Even if the person of ordinary skill in the art were to follow Wigler's teachings to 
determine whether a particular coding sequence is shared by two related sources of 
DNA, t he p erson w ould h ave u sed c DNAs i n R DA ( i.e. t he person w ould h ave d one 
inter-individual subtraction using cDNAs from the two individuals under comparison) 
instead of using genome DNAs in the RDA because using cDNAs would give stronger 
signals than using genome DNAs. 

Fifth Difference: 

Regarding step f) of claim 8, Phillips did not took DNA fragments identified by 
RNA-derived cDNA probes of the two plant individuals and performed intra-individual 
substraction with genomic DNA from one of the plant individuals. Instead, Phillips used 
the GA-regulated DNA sequences cloned in the plasmid to construct a cDNA library 
(see the second full paragraph, right column, p. 607). 

The Office Action attempted to rely on Frazer to cure the fifth difference. The 
Office Action asserted that Frazer taught adding a step of intra-individual DNA 
subtraction in RDA as a control step (page 8, right column, the first paragraph), so that 
a person of ordinary skill in the art would have modified the method of Phillips in view of 
Wigler by adding intra-individual DNA subtraction as a control step to account for any 
differences seen in inter-individual genome DNA subtraction (see page 11, Office 
Action). Applicants respectfully disagree. 
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Applicants contend that the reliance on Frazer (for the desirability of adding the 
intra-individual DNA subtraction as a control step in RDA) is misplaced due to two 
reasons. First, although Frazer stated that "Chang et al. (1994) have successfully taken 
this approach with genomic DNA" (page 8, right column, lines 15-16), actually Chang et 
al (a copy of which is attached) did not find intra-individual subtraction of genomic DNA 
to be very useful. Using RDA, Chang et al compared the genome DNA from two 
tissues, a diseased tissue and a normal tissue, from the same AIDS patient (page 1865, 
right column, lines 9-13). After "intra-individual" subtraction (i.e. intra-tissue subtraction) 
of genomic DNA using genomic DNA from one of the two tissues being compared in the 
"inter-individual" subtraction (i.e. inter-tissue subtraction), Chang et al found one DNA 
fragment, KS480Bam (page 1865, right column, the 6th to 9th lines from the bottom of 
the first full paragraph). However, with Southern hybridization, Chang et al found that 
two DNA fragments, KS480Bam and KS390Bam, nonspecifically hybridized to the 
tissues and were thus concluded to be artifacts (page 1 865, right column, the last 6 
lines). In other words, the "intra-individual" subtraction performed by Chang et al did not 
eliminate all unwanted DNA fragments from inter-individual subtraction. As a result, 
Chang et al did not support the desirability of doing intra-individual subtraction in RDA 
using genomic DNA. 

Second, Frazer stated that "in our experience with RDA we have never isolated 
any housekeeping genes or other messages known to be present in both tester and 
driver populations originally" (page 8, right column, lines 17-20). Thus, Frazer taught 
that no intra-individual subtraction needs to be done as a control step in RDA. So 
Frazer taught away from the method of claim 8 in regarding to the fifth difference. 
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Thus, not only the reference (Chang et al) relied upon by Frazer did not support 
the desirability of doing intra-individual subtraction in RDA using genomic DNA, Frazer 
even taught away from doing intra-individual subtraction as a control step in RDA. 

Sixth Difference: 

Regarding step g), Phillips did not compare the DNA fragments obtained from 
genomic DNA inter-individual subtraction with the DNA fragments obtained from 
genomic DNA intra-individual subtraction of one of the plant individuals to exclude DNA 
fragments containing intra-individual polymorphisms in order to identify the DNA 
fragments that are polymorphic between the two plant individuals. Wigler and 
Pinyopusarerk were silent on intra-individual DNA subtraction, so Wigler and 
Pinyopusarerk could not cure the sixth difference between Phillips and claim 8. 
Although Frazer talked about intra-individual DNA subtraction in page 8, the right 
column, a person of ordinary skill in the art would not find any desirable reason from 
Frazer (because Frazer taught that no intra-individual subtraction needs to be done as a 
control step in RDA) of doing intra-individual DNA subtraction and excluding DNA 
fragments obtained from intra-individual subtraction from DNA fragments obtained from 
the inter-individual subtraction as required by step g) of claim 8. 

The cited prior art did not suggest any modification of the method of Phillips by 
removing ail 6 differences to arrive at the method of claim 8. Because the secondary 
and tertiary references cited in the Office Action failed to cure all 6 differences between 
Phillips and claim 8, the obviousness rejection should be withdrawn. The above 
arguments regarding claim 8 are also applicable to other rejected claims, so applicants 
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contend tliat all the claims should not have been rejected as obvious over the prior art 



In view of the above reasoning, applicants submit that the application is in a 
condition for allowance. A Notice of Allowance is believed in order. 

In the event that the filing of this paper is not deemed timely, applicants petition 
for an appropriate extension of time. Any petition fee for the extension of time and any 
other fees that may be required in relation to this paper can be charged to Deposit 
Account No. 01-2300, referencing Docket No. 100021-09042. 
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identification of Herpesvirus-'Like DNA 
[ Sequences in AIDS-Associated 
Kaposi's Sarcoma 

Yuan Chang,*" Ethel Cesarman,t Melissa S. Pessin, Frank Lee, 
Janice Culpepper, Daniel M. Knowles.t Patrick S. Moore 

Representational differenca analysis was -used to isolate unique sequences presef^t In 
more than 90 percent of Kaposr$ sarcoma (KS) tissues obtained from patients with 
acquired IrmnunodeficiQncy syndrome (AIDS). These sequences were not present in 
tissue DNA from non-AIDS patients, but were present in 1 5 percetit of non-KS tissue DMA 
samples frorp AIDS patients. Tlie sequences are homologous to. but distinct from, capsid 
and tegument protein gextes of the Gammaherpesvirinae, herpesvirus saimiri and Epstein- 
Ban* viois. Ttiese KS-associaled herpesvjrus-iike (KSHV) sequences appear to define a 
new human tierpesvlrus. 



Kfipofii's fjnrcoma is che most cuimnoii 
neoplasm occurring in persons widi AIDS;, 
approximately 15 to 20% of AIDS pariennt 
develop this ncopla-sm, which rnrcly oc- 
cvirs ia livim4cvocompcietvt individuals (I ). 
npidemiolomc evidence indicarcfi char 
AtOS-Msocipced KS (AIDS-KS) may 
have nn infectious etioIo/;y. Gay ftnd bi- 
swtual male i AIDS patients nrc approxi-' 
maccly 20 times mote likely thiin hemo- 
philiac AIDS pacienii to develop KS. and. 
KS nvny be itsaFOciaccd wich spucific sexonl 

prncrices rimong gay men ^iih AIDS (2). 
KS 15 uncommon among adult AIDS pa- 
ttcixts infected through heterosexual ot 
parenteral human immunodeficiency viruj; 



(HIV) craiumiiuiion^ or amucvj^ pediatric 
AIDS patients infecced through vertical 
HIV cmasmlssion (3). Agents suspecced of 
caosiag KS include cytomegalovirus 
(CMV), hcpadna B vlma, hvimnn hcipw- 
vlrns (HHV6)t HIV, and fAycoptosma 
jjtnefrani f^), Exteniiive invcsrigaiions, 
however, have not demonAtraccd an ccio- 
logic atisociatinn between any of these 
aijcnrs and AIDS-KS (5). Noninfectious 
envimnmencfil ogenrs, such a« nitrite in- 
h.il.inr^, also have been proposed to pluy a 
role in KS tumorigcnc^is (6). 

To search for forci(;n DNA 5cqucnce5 
belon^in^ to fin infeCtioas agent in AIDS- 
KS, v/e used fepreientflTional difference 



atialysii (RDA) to identify and chan^cter- 
iie unique DNA hequenccs in KS ivMUe 
d\ai are elthcft ab&ent or prexenr in low 
copy number in nondusea&ed tissue ob- 
tained from the same patient (7). Thiii 
method can detect adenoviruir Kcnume 
added in Mnglc copy to human DNA, but 
ha:$ nor been used to idendfy previously 
uncultured infcctiovs agcnts- RDA is per- 
fomicd by making simpUflcd "representa- 
tioTiK" of ifenomcs from diseased and nor- 
mnl tisHuoi obcained from the same indi- 
vidual through polymemse chain reaction 
(PGR) ampUficauon of short restriction 
ftagmencs, The DNA reprea-ent&tion hom 
the diseased tissue i& then liKaeed to n 
priming sequence and hybridized co an 
excess of unligacedi nonnal-dsiiue DNA 
rrprcRcntacion (6). Only unique sequences 
found in chc diseased tissue that have 
priming; bequcnccs on both DNA strands 
are preferentially amplified during aub'ic-' 
quent rounds of PGR Hmpliflcurinn. This 
process can be repeated with different li- 
gaccd primir^ sequences to enrich the 
sample fo£ unique DNA sequences that ate 
found only in the cissue of interest. 

The inidal round of ampliftCHtion'hy- 
bridi^ation from KS and cxctsti ruitmal^cissiic 
DNA resulted in a diffuse banding patr^em 
(Fig. 1. lane 2), but four bands at npprox< 
imarcly 360, 450, 540, and 680 base pairs 
(bp) were identifiable after the xcccmd 
nmpUricacion^hybridizacion (Fig. 1, lane 
3). Thcfic bands became discrete after a 
ihird round of flmpUfication-hybridizacion 
(Fi« I, lane 4). Control RDA, performed 
by hybridizin({ DNA extracted from 
AIDS-KS tissue u;;ainNc itself, produced a 
sinfi[le band at --540 bp (Fig. 1, lane 5). 
The four KS-a^sociated bands (designated 
KS330Bam, KS390Bam, KS480Bam, and 
KS63lBam after diKestion of the two 
flai\kini4 28-bp lij^ured priming eftqucDces 
with Earn HI) were gel putified. 

KS390Bum and KH4H0Bam Southern 
(DNA) hybridized non^pccifically to both 
KS ai\d non-KS human tissueii and wexc nor 
further characterired, The remainin^j two 
RDA bands. KS330Bam and KS63lBatt\, 
were cloned and .sequenced (9), KS330Bam 
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IS u ^uencc wich a 5J% C:C con- 

U'-nt (Fie- 2A)i at\d Ki3631tiHra U u 631 -bp 
fiuqucftCC wiij\ a 63% 0:C cuntenl {Fxii. 2B). 



Bnrh KS330Bam und KS63lBam cudc fur 
iunintT ucid sequence!! wUh huraology co 
he rpe.-* viral polypepddes (10). KS330Dam 



Fig, 1 . Aoaro4e gel dcctroptiorcsls ot RDa products from AIDS-KS 
tissua sind nondlseaeefl tissue. RDA was performed on DMA ax- 
Tr&cted from skin lisBua and unaffadad numial b'kiii liGSua Ob- 
tained at aulupsy from a homosexual mn with AIDS -KS Lane l 
shows me li'vtlaf PCB-amplificd genomic represeniaiton of the 
AfDS*KS DN;^ alter Bam H) digestion, lanes ^ lo a ghow that 
subsequent cycles of ligation, emplifiaation, hv^ridtzalion. end di- 
gestion of ih^ RDA products resumed in ampMic^tion of dtdcrate 
t)and3 at 3ao,;i950, 540. and 6B0 bp. FDA 01 LMe cxiracidd AiDS*KS 
DNA pdrform^d against Hfien resulted ui a ^^gic band at 540 bp 
Qana 5). Bands at 380 bp and 680 bp correspond to KS330Barp 
arKi KS6318am. respectivAly, after rsmoval of 28-bp priming sa- ' 
quoncaa. Banda A 450 and 640 bp (KSsgoE^arn and K&460&arn, 

respectively) liyorldized nonspcclftcally to both KS snd non-KS human DMA. tane M is a molecular 
size marker. ! 




is 51% identical by amino acid hnmolof;y 
ro a porcioa of the OKF26 open reading* 
frame encodir^ che cnpsid protL-in VP23 uf 
herpesvirus saitaLri (10. a gammahefpes- 
viruji ihnt causes fjlmtiuiftr lymphi»rau 
in New ^nrld monkeys- TKw ft^gmcnr is 
uLio 39% identical w d\c amino acid 
sequiincc encoded hy rbc concspondirxg 
HDLFl ORH of Epscctn-BatT virus (EI3V) 
The amino acid .oequence encoded by 
K563lBiim has hoinolof^y to die cecucnent 
protein (ORF75) of herpesvims saimiri atid 
10 the tegument protein of EBV (ORF 
DNRFl,pl40). KS631Bam ib iiott,ij(tiincunt- 
iy homolo{^s to corit:si>onding sequences of 
other herivesvlnrsea. 

Regions adjacent to KS330Dam were 
cloned and sequenced from a KS^tissuc 
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F19. 2. Nudooiide sa- 
quenoee of ilpe l853-hp 
flunking lagidn inal li 1- 
ciudcs KS330Bam de- 
rived from a* KS lesion 
nenomtQ library (fi) arKi tha 
KSQ31Bam e^quence da- 
rivad from trs&ua by 
RDA(B).KS330Qam(A)is 
undertlned and Bam Hi re- 
airiction ettaa; (GGATCC) 
arc doubio-undcriinDd. A 
reading frame composed 
of tha first 607|nucteolid3s 
(bp 1 10 607, stop codon In 
bold) lA homologous to iha 
COOhi-leitnin? ol the ma- 
{or copsld p^tcin open 
reading frames ORFaS of 
harpesviruE saiiVitri und 
&CLP1 01 l=psieRn-Bair vi- 
rus (EBV). Anjopen read- 
ing fi-ame fronj bp 633 to 
1550 IS honrx)Iogou3 fo 
0RF26 gene of hsTpasvi- 
rus sarmiri dnd ISDLPi 
gene of EBV [Start methio- 

nina codon jjp 033) anrt 
Stop codOn (bp 154a) ID 
holcl], A Pvu il pfie at bp 1 086 (boJd) marks the junction berNAfeen M - and ^-kb 
frtigmantB cloned from the KS genomic library. Tha primer aet for KS330yj^ (bp 

96 no 1 006 and bp 1 200 to 1 21 9) and ihc miof nal prooe uMd 10 detect me PCft 
fimpQfjcatton product (bp 1078 to 1 102) are tialtcteed. 
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ONA. gcnrtnvvc libmy ^teparcd from a sin- 
fjlc patient (13). This extended the con- 
tiy;uous b«iiutincc finnlcing boch sides of 
KS330Bai4 co 1853 hp (Fig. 2A). A c(im^ 



pleie Open rending fmiDC ac bp 633 
1550, which included iht KS330Bam se- 
queiice. wa^ confinned la be homologous 
ro chc ORF26 fwid BDLF] open readinff 
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Fig, 3. Conii3a»lQ0nof protein aaqyencw cncoclpcl by 0RF2S from hfifpesvirus sslmlri (HVS), and BDLFI 
froi^ EBV. to dhn protoln oncodad by thd lCS-$eebo(3XCCI DMA opart f^acfing frame. Re9ionB of amino acid 
ldeni!ty belwfian KS HVQ, or KS and EBV yre outlined t?^). 

* 

Tablo 1. Southern blol hybridizailon tor KS330Bem and KSBSIBaiTi and by PCR ^implificflfon for 
KS330p„ ia human tisq^jes from IndMdual pali^ta. 



TisaueTyp© 



n 



No. positive by 

DMA 
hybndfzation {%) 



Mo. poshivc by 
KS63lDam 
DMA 
hybridizalion {%) 



No. posiiivG by 
PGR 



AiDS-KS i 
AIDS lyrnphofneB 
AIDS 

lymph nodes 
Non-AIDS : 

lymphomas 
Non-AIDS i 

lymph nodte 
Vascular tumpr^ 
Opportunistic 

rnfeCtions ' 

Consecuttve ! 
aurgicol 

biopei99 I 



?:r 

12 
29$ 



5§ 

49P 



20 (7A) 
3(11) 
3(251 

0(P). 

0(0) 

0(0) 
0(0) 

0(0) 



21 pb) 

3(11) 
3(25) 

0(0) 

0(0) 

0(0) 
0(0) 

0(0) 



25 (93) 
3(11) 
3(26) 

0(0) 

0(0) 

0(0) 
0(0) 

0(01 



*inciij(iA& ono AJDS^KG epadmen unampil aoiq p53 Cxon C and one tlsaua wnicn on microscopic ciutitinulion ddd not 
hava any cfeieciobio KS (issuo piBssnt. Bath or thcu; Mintpiss were nopstlua t>y Soumem aioi hybridizanon lo 
K6330l3am and KSaSinoftiand by PCRarruJtrficetlon for W5a30.^aftiplicon. ComporisonQf AiDS-KS KS330aam. 
K3G3lBam, and KSsaOg^g f$^\\*:, (o oach of the cantrot ilcjuia fiuttgroujUit i$ Oiu^^ccaf^l [ip < 0.01 . 1 -uil Rshsr's exact 
(fliit P=CT1I. Fop compariaons fisiweftn AIDS -KS and AIDS lymphomas, the odds ratoj and I*GYp vaJyOS tor KS330Bam, 
KS3aiBt)rn,iindKS330«ft^^posltlwlyvffift^524.P-3X t0-'*;26.^ 10-^a^d100,P<10-^/©SpCC^w^9ly.Fo^ 
comp3il$ons t)4twoun AIDS-KS and AIDS lymph nodus, the odds ratios and FET values fer KS330bann, KSa31 Bum, 
and KS33Q233 positMty were 8,G. /* - 0 006: 10.5. P - O.OOfl; ur»d 38, P = 1.7 x 10" respBcuvaty. llncludw 7 
smaS noncloav]}n^ tymphomaa, and 20 dltfusa iCkrQvCu'P Oncl trftmynobtitdiic lymphomas. Three ol Che lympnomas 
with immunob^aaitc morplxHoqy ware posttlvB lor K^^IOO^ ond KStQSl E^m, $lnc>udos 13 anaplasck; large-oetl 
Ivmphomaa. A diffusa largt^r lymptiomaa, ^ emaD lyntphocyttc lymphoma^-chrot^ lyrriphoc^yiic loukemjaa, 3 hary- 
ccllMemfasi 2 monocytoid n-ojti lymphomas, 1 follicular small deaved-celi tympfXMna, 1 Qui1(it('*j lymphoma, and 1 
D>o:?nacytunui.| glnduoes 2 :ingiiQsnrcotftD*;. i hs^Tjcingioperlcyioma, i lympn node wtin ^r.i<:(:u]ur iransromtatloa 
and 1 lymphdnfficims, Sndudes 2 cryptococcyA, i loxOpicismoo^u, l cal-scr^tch baciOUB. 1 CMV. i ^d 7 
acid-fast bacam^^'mfACtcd [JStsjes. In addition, puie culiure:: ol M/cobfiCtanvm erun#7HC0(np!ax wem nogotivc by 
Sotinam nytirldlsatton end pcn, $rid pure cultures of Mycopiasn^fi penatmu .md lyrnphocyte culturas Miih nav woro 
iicaat;vc by PGQ{not Included). ^i&&uq£. iivcKjtiud :^in. oppcndtx, ktdnay, prostaie, hamia scic, lung, fibrous Tisdua, 
oaiibiadder. coipa tomskin. myrotd, onvJ houci, odenoidi vein, axillary ticsue, itpoDiu, huon, oral mucoae. hanwmuid, 
(i!»}udoaneury&m, btvI fisTutB track. Ifisaue*: \A^ro oottectud from a conaecuifva esriaft ol bSnooics on pailema wiihoui 
AIDS but wUh t^ttfttwii HIV xH7(KAutu*f . #ppar8m nonspociflc \ lytKidizsnon at approximate 2Q Kl) occurrod in four 
conaecutrva surgical Oiopsy UNA flnntpk!$; ur^u colon and one han^a aac ONA ^unipte hybridized to K£i330Snm niono, 
itnuiher hemla sec Dna aanople nybrKSiftd to K.'?63lBom stone, and ona appandi^c DNAcumplo ^Idized to both 
KS330Bam ond K5d3l6Lim, llissa camplas did n6l Irytjndize in tHq 330- lo e30-bp irinrjc expected tor iheae 
fiflquftivcfeft rtrtd'wt'*'*! PGR ntjgativG for KSSSOj,.^. 



frames (5S% and 56% ituitching nucleo- 
rtdtf idetilicy, rcspcccivcly) of hcrpcsvinw 
Eflimiri and EBV (//. 12). SienificAntlv 
lower homologies exist to cotrespondlng 
pioccins of bovine herpesvirus Lype 4, 
HHV6, CMV, and human herpes^/irus 7 
(HHV7). 

Tlie piilypepcide enctxJcd by the KS- 
as^Dcinrcd open reading frame sliows 
extensive amino acid homolo;>y lo the 
priHcins encoded by herpesvirus b&iiniri 
ORF26 and EDV BDLFI (Fig. 3). AI- 
thiiu/ih tr 16 homoluKuuii ro these herpes- 
virus reKinnfii the polypeptide does noi 
match any otha knowa sequence and chus 
provides evidence for a viml ^ennmc tp- 
tod CO but distinct from kno\m mem- 
bers of (he herpesvirus fumity. In addition, 
the 5' end of the 1853-bp sequence (bp 1 
to 607) is 66% and 67% identicnl to cor- 
responding regions of the m&ior capf^ld 
protein (MCP) gones of herpesvirus 
fiuuniri (ORF25) and EBV (BcLFl), re- 
spectively. In both EBV and herpesvirus 
saimiri genomes, the MCP tiene is fovmd 
immediately adjacent to vhe fiDLFI - 
ORF26 gene (J J, 12). Thii rej^ion also 
lower def^Tceii «f bimilariiy to MCP genes 
of other hum.4o herpesviruses, including, 
HSVl, VZV. HHV6. OfV, and HHV? 
(14). 

To dcTCro\ine the fipccificiiy of 
KS*130BHm nnd KSdJiBaxn for AlDS^KS, 
ll\csc sequences were rnndom-primed, ^-I'- 
laheledi nnd hybridised CO Soudiem blots 
of DNA excracfcd from cryopreserved tis- 
sues obcuined from poticiits wirh and with- 
out AIDS (IS). Twenty of 27 (74%) 
AIDS-KS D>JA opccimei^ hybridized 
with vftriahle inrcnsity to both KS330Bftm 
and KS63IBum, and one additional KS 
specimen hyhridizcd only to KS631Batn hy 
Southern bluccing (Fig. 4 and Table 1). In 
cojiirast to AIDS-KS legions, only 6 of 39 
(15%) non-KS tihsuts from p.icients with 
AIDS hyhfidited to KS330Ram and 
KS63lBam. Specific hybridizHtion did nor 
occur with lymphoma or lymph node 
DNA from 36 pcraons witi\ouc AIDS or 
with control DNA from 49 tissue biopsy 
specimens obtained from r consecutive se- 
ries of pattenc*. DNA Kpccimens extract tid 
from vascular cumocs and Hskucr with op- 
porruni-itic ii\feccioni comtnon in AIDS 
were i»Uo ne(,',uive (Tublc I). In addition, 
DMA samples fnim EBV-infccccd periph- 
eral blood lymphocytcB and pure culrurcs 
of MycobflCWTium avium- complex were 
nedntivc B5 well. Ovcmli, 20 of 27 (74%) 
AIDS-KS specimens hybridized ro 
KsS330Dam and 21 of 27 (78%) AlDS-KS 
specimenR hybridized 115*^363 IRam, ai 
compared fo only 6 of 142 (4%) non-KS 
human DNA conrrol specimens (x^ 
BS.02, P < JO' ' Hnd = ^2.4. P < lO"'', 
respecTively). 
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The aoquecicc cnpy number in lUc 
AiDS-KS cU-^ucs WU& csdmaced by simulca^ 
UC0U5 and a, hyhriditaci'on with KS330Bgi^ 
440-hp pro^c for che singlo-copy cnnsranr 
region of ihe T ce]l recepror p gene (16), 
Samples ii\ bnea 5 mi 6 of Vi^. 4 showed 
similar inrehsiries for die two proboi, in- 
dicating an;ave[7ige copy number of apr 
proximately, cwo KS330Bom sequences per 
cell, whereas remaining KS cissiicK hnd 
weaker hybridiiaiion signols for rhc 
KS330Bam pi-obe. 

These results were confirmed and ex- 
tended by PCR araplificauon with primers 
designed from KS330B3tn (Fip,. 2A) thai 
amplify n 233-bp suhfrsiKineni (17) deiiff- 
nticcd KS3302)5. Although Southend bloc 
hybridiiution detected che KS330Bam se- 
quence in only 20 of 27 KS tissues, 25 of 
the 27 tissues were positive by PCR om- 
plificAcion for KS33023,i (Bg. 5A), deinr 
omtracinB chat KS330Boni i.i present ip 
seme KS Jesions at levels bclnw rhc 
threshold for detection by Soucbom hloj 
hybndiiucioK- The two AJDS-KS spnci'- 
inens chac v/ere negative for KS330j,^j np- 



peered to be *io for technicil rcafiOns;; Oi\e 
had no microscopically detectable KS tis- 
sue m the fruien sample (Fig- 5 A, lane 3), 
and the ochcr (Fitf. 5 A, lane 15) ms neg- 
Htivc in che control ?CR amplification for 
che p53 gdne (IS), indicacing either DNA 
dc;;nidarion or the presence of PCR inhib> 
itom in ttit sample. All KS330jjj PCR 
produttn hybridiied to a '^P end-labeled 
25-bp incdrnal olif^oiAer, confirming the 
fipccifkity of the PCR (Fig. 5B). 

Except hi the six non-KS control snm- 
plep from AIDS patients thac were positive 
by Soudicm bloc hybridiiacion, none of 
the other 136 non-KS concrol spccixncas 
wore positive by PCR for KS330j„. Over- 
all DNA samples from 25 (93%) of 2? 
AIDS-KS tuRues were positive by PCR, as 
a)mpan:d to 6 (15%) of 39 non-KS lymph 
nodeir uiul lymphomyu; &om AIDS pauencs 
(X^ - 38.2» P < iO"% 0 of 36 lymph 
nudtftr and lymphomas from non-AlDS pa- 
t-ieniK (x^ - 55.2, P < 10" ■^), and 0 of 49 
consecutive biopsy hpeclmcns (x' = 67.7, 
/' < 10"'). All control specimens were 
iimplifmble for p53, iiidicaring chtU inad- 



etfuace PCR ampUficatvocv was not che rea- 
son for lack of detection of KS330j,3 in 
the control ciwuc*. Thus, KS3302,» was 
found in all 25 nmplifiable tissues with 
rnlcmscnpically derccrable AlDS-KS, but 
rarely occurred in non-KS vi>Kues, includ- 
ing ri^i^ucs from AIDS patiencb. Addlrional 
DNA samplw from EBY-infcctcd lympho- 
cyccs and from M* penecraiu (ATCC 
^55252), a candid?ire KS ngent (J9), were 
negative for KS3 30233. Several KS- tissue 
DNA samples tested with EBV-spccific 
and mycoplasmaca-spccific conseniiu? 
PCR primers were also negative (20). 

Of the six concrgi tuques from AIDS 
pactente that were poKicive by both PCR 
and Soutlitm hybridiiaLion, two patients 
had KS at ocher sices, two did not develop 
KS, and complete clinical histories for the 
remaining cwo paciencs were unobtain- 
able Three of these tissues were lymph 
nodes with follicular hyperplasia taken 
from patiencs with AIDS. Undetected mi- 
croscopic KS foci may have been present 
in these lymph nodes, given che high life- 
time occuixencc of KS (>50%) in some 



Table 2. Orf(erenTi5il ristecHon of KS33QBiirti. 
KSeSieam, and KS330j:t, aeqgencea tn KS-Ht- 
^eoxed (KS) and uneffeoted auVoppy Vibbubs from 
four patients with AIDS-KS. Patisnte A B. and C 
were f)ay malps'wirh AIDS and palisnt D waa a 
femaie inifavepoue doig uRsr with AIDS. 

Tl&sticiypc iKSOaOBam KKe^iRsm KSSSO^^ 



KS. skin ' 
SKin : 

t 
t 

KS, 3kin ' 
Muscle ; 
Brain 

KS, siomach ' 
Stomach, j 

ocQaccnt to 

KS 
Muscle 
Brain 

Colon 1 
Heart j 
Hilar lymph ) 
noocs 



KS, skin i 

Skin, 
acii3cent to I 
KS ' 

Hilar lymph . 

node 
Mesenlorfc ^ 
lymph 
node 

Brain 

Lung 
Stomach 
Spleen 
liver 

Muscle ; 



+ -i. 
+ -I- 
+ 4 



Pattern 0 
+ -I 



I 
I 

4. 



Fig, 4. HybrtrfiJtalion Of ^^P-iabelGfd 

KS330Bam (A) and KSediBam (19) 

p^lience^ obtained by RDA to a 
rdprsfidnlatr\/fi pan&{ of 1d DNA 
camples exlrecied frorn KS le9ion5 
and digested with Bom HL 
K3330Sam hybrioizod to 1 1 of the 
l9ancJKS631Bam hybridcwdto 12 
of IS DNA BamplBfi from Ihu AIDS- 
KS lusiuns shown. Two cases (lanes 
1 2 and 1 3) showed fahit bands with 
boih f«330Bam and KS63ie9m 
proboa ^ftcr longer exposure. Orm 
riegabva $peuim8n (lane :^ did not 
huve rnicro&copically dcioctabic KS 
In [ho tissue specimen. Seven of 6 
3ddrtiQn8l K$ DNA samples not 
iihowri also l^l^ridizod to both se- 
quences. 



1 2 3 4 5 Q 7 e 9 10 1t 12 13 14 IS IS 17 ie 10 



330 bpM 



D 



Probe: K8330BBm 



C31 bp.k'»i*j;\ 




Prober; Kseaiaam 



Fig, 5. PCR tunpli- 

ftcalion of lhcl9KS-de- 
rtved Ot^ esmptes 
shown in Ftg. A, using 
the KSsaOjigg prir^isrs 
shown In Fig. 2. (A) 
show3 the agarose gel of 
tl"»e amplification prod- 
ucts from ig KS DNA 
samplos (tar>cs 1 to 19), 
and p) t*vows specific 
hybridiaaiion of the PCH 
prodt^ts to a •'*^P eixJ- 
labdod 25't)p intcnvil 

oTigonudeotids (Fig. 2) 

Gitcr transfer of the gel to a nitrocellulose fltler. Negative samples in lanes 3 and 1G, respecnveiy, lacked 
mltToscopicotiy dsteotabtd KS in the sampio or did not ^piify ih& hunrwin p53 dxor^ 6. suggesilr^g thai 
these samplos were negative for technical roasoos. An addlttonal eight AIDS-KS camples were amplified 
and aO were positive (or KSSSQ^qq. I^e 20 ia a negative control and tane ^A molecular bizb marker. ' 
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I'isk proupa of AIDS pacicnu (21). Aker- 
natively, these lymph nodes may have 
been asytrtpromnucBlIy infected * with, or 
may hnvc hcen tncubatiriKt ihe putaciye 
af^tnt. The other three poiicivc prsuc 
Kpeciincns 'WCtto a fortn of B cell iTnmund- 
blastic lyrhphomn from AIDS patients. 
Given ch(| previdusly noted Ossociacion 
bcrwccn KS and lyinpboproliferative riii- 
ucUeni (22) I iv is posaible rhnt the pucatix^e 
KS agent iR aUn a cofacrnr fur a subset of 
AlDS-assCfiHted lyiuphofro5. A compari- 
son of AIDS^KS tissues to only lymph 
node and ilymphOmH ci&su<f$ fcom AIDS 
paueacs d^monairates vhai KS330Bam and 
KS63lBanl remain Eif^ificantly as^ociaied 
with the KS phcnocyi>e whftc cnnrrniliriR 
for cocvcurrcnt AIDS, indicating that HIV 
dtKcnse js ^oc h confounding facto; jn our 
Qnaiysifi. Amooi; oaly AIDS cissuc sampte& 
from bcpa^race pailcnr.'f (Tflblc I), over 
90% of KS epecimcns (100% of confinned 
nnd ampliftablc KS spetiinens) were po&i" 
tive for KS3302)^i as coanparcd to 1 5% of 
lymph node and lymphoma tissues, from 
AIDS patibntfi. These sequences thtrwforc 
appear tuibe specifically a^sociBtcd with 
ICS in Alps patients, although it lA noc 
clcHr whcliUer ihe presfeocc of these ae- 
<luCACe9 iA;cnu«al or iii an cpiphcnoinunon 
of KS. . 

To Jifiow thai KS330Bam and 
KS631Bnm art* not herilablo polymorphic 
ON A marKers foe KS, wc tested multiple 
unaffected, tiKsue DNA suinples from four 
additional! patlenLfi with AlDS-KS (Talkie 
2). \Crhora\s KS Iciioft DNA sample? were 
positive by Southern hybridisation and 
PGR, vmjiffected tissucK were /;<enerally 
negative for these Sequences. Ail orhcr 
tissues except m\i4cle nod unnffccccd skin 
fmm pELtiont A, stomach udjacenc to the 
KS lesion lift' patient and adjacent skin 
and hilnr lymph nodes in patient D were 
negative. These rftiulw are cofvsi$t:enr wlih 
an infectious process and may reprcscm 
local and {libiicmtnured spread of tIk pura- 
tivc vims.' 

Although these sequences nuggesi die 
presence ^f ft new human herpcgviaie in 
KS lesions, a causal link between these 
sequences !and AIDS-KS cannot be estab- 
lished by 'our retrospective case conrrjol 
study. It js possible rhac thijt agent Is, a 
common tirent virus in humnnR chac pref- 
crcmmtly 'colonizes KS leaiuns in immu- 
nosappre5iod parients- Unlike previous 
studies Ktjarching for agents associated 
widi KS, d\e sequences foutid m our scudy 
veie present in all intact KS DNA sam- 
ples frum u lai'jzc number of pflcicncs and 
were preffrenrially found in diseased as 
compared ;Co normal ti!;3ue3 ffom the Anm<^ 
hose Our results have been independently 
confirmed with 100% concordance in a 
blinded PGR evaluation wirh cxrracrcd 



AlOS-KS legion DNA and non-KS brain 
DNA from the same parients (23). 
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